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Introduction
Primary nephrotic syndrome (PNS) is the most prevalent kidney disease in children and is a main cause of chronic renal failure in children in China [1] . Clinical characteristics of PNS include increased permeability of the glomerular filtration barrier, which leads to proteinuria, hypoalbuminaemia and oedema. To date, the underlying pathogenesis of PNS remains largely unknown. Some researchers hypothesize that PNS may be caused by dysregulation of T lymphocytes [2, 3] or an abnormal T cell response [4] [5] [6] . Evidence suggests that an imbalance of Th1/Th2 cells and Th17/Treg cells is present in patients with PNS [4, 7] . However, the molecular mechanism underlying the imbalance in these Th cell subsets in children with PNS is not fully understood.
cd T cells are a minor population of T cells that express the c and d chains of the T cell receptor (TCR). cd T cells account for approximately 1-5% of circulating T cells in blood [8] . In contrast to conventional ab T cells, cd T cells can recognize antigens in a major histocompatibility complex (MHC)-unrestricted manner [9] , and sense cellular stress and infection. Human cd T cells are able to participate in both the innate and adaptive immune response and are important for optimal differentiation of Th17 cells [10] , suppressing Treg cell responses [11] , and directing the immune response to the Th1-or Th2-phenotype [12] . Many studies indicate cd T cells play pivotal roles in immunity against infection [13] , cancer [14] and autoimmune diseases [15] . Therefore, cd T cells may link innate and adaptive immunity, which could play a crucial role in regulating the CD4 + T cell immune response.
cd T cells have also been studied in renal injury. Mice deficient in cd T cells developed minimal proteinuria and glomerular lesions in a nephrotoxic nephritis model [16] . IL-17A production by renal cd T cells may promote kidney injury in crescentic glomerulonephritis [17] , and histologic analyses demonstrated a significant reduction in renal tubular injury in TCR cd-deficient mice compared to wildtype mice in a renal ischaemia-reperfusion model [18] .
Other studies indicate that cd T cells are important for immune regulation in kidney disease. A gradual increase in cd T cells was observed in mice kidneys after intrarenal inoculation with Listeria monocytogenes, while depletion of cd T cells in vivo resulted in histologically exacerbated inflammation in the kidneys [19] . Furthermore, high levels of cd T cells and TGF-b were found in models of active heymann nephritis or adriamycin-induced progressive renal failure [20, 21] .
Evidence suggests that cd T cells are involved in the progression of IgA nephropathy to renal failure [22] . However, little is known about the role of cd T cells in PNS. The objective of this study was to explore the effect and mechanism of action of cd T cells and cd T cell subsets in modulating the balance between Th17 cells and Treg cells from peripheral blood mononuclear cells (PBMCs) in paediatric PNS.
Our previous study showed that mRNA expression of RORc and IL-23p19 was higher in PBMC and the number of circulating Th17 cells was increased on children with PNS compared to a healthy group [4] . Therefore, we hypothesized that IL-23 could play an important role in PNS. As IL-21 is one cytokine secreted by Th17, it is also investigated in this study.
Methods
Study design. In this study, levels of cd T cells and cd T subsets were measured in recently diagnosed patients with PNS, patients with PNS in remission and healthy controls. Associations between cd T cells, cd T subsets, Th17 cells and Treg cells were investigated. The mechanism of action of cd T cells and cd T cell subsets in modulating the balance between Th17 cells and Treg cells from PBMCs in paediatric PNS was explored. PBMC were treated with IL-23, IL-23 antagonist and anti-IL-21 monoclonal antibody (mAb) to investigate the effect of IL-23 and IL-21 in children with PNS.
Patients and controls. Patients treated at the Children's Hospital of Chongqing Medical University, who met the International Study of Kidney Disease in Children (ISKDC) criteria for PNS, were eligible for this study [23] . Active PNS was defined as a serum albumin concentration of <2.5 g/dl and a urinary protein excretion of >40 mg/m 2 per hour with high cholesterol levels. Inclusion criteria were (1) age <18 years old, (2) first PNS episode or PNS in remission and (3) no history of corticosteroid or immunosuppressor use in the 4 weeks prior to disease occurrence. PNS in remission was defined as no proteinuria using the colorimetric qualitative test and a urinary protein/creatinine ratio of <0.2 on a random urine sample [24] . Subjects with infantile (or congenital) nephrotic syndrome (NS), secondary NS, glomerulonephritis or systemic disease were excluded. Fifty-one children with normal physical examinations were selected as the control group. This study was approved by the Ethics Committee of Chongqing Medical University, and written informed consent was obtained from the parents/guardians of all subjects.
Blood samples. Blood samples (5 ml) were obtained under sterile conditions. PBMCs were isolated by density gradient centrifugation over Ficoll-Hypaque cushions. Cell viability was >95%.
Reagents Treg cells were stained with FITC-conjugated anti-CD4 and PE-conjugated anti-CD25 at 4°C for 30 min. Following surface staining, cells were fixed, permeabilized and stained with APC-conjugated anti-Foxp3. Positive staining was determined relative to isotype controls. Data analysis was performed using FlowJo software (Tree star Inc., Ashland, OR, USA).
Cell culture. Peripheral blood mononuclear cells (2 9 10 5 cells/ml) were resuspended in RPMI-1640 medium supplemented with 10% heat-inactivated lowendotoxin foetal calf serum (FCS) for 48 h with purified NA/LE mouse anti-human CD28 (1 lg/ml). Cultures were incubated with IL-23P19 antibody (1 lg/ml) or anti-IL-21 mAb (4 lg/ml), respectively, in the presence of 5 ng/ml IL-23. Statistical analysis. Statistical analysis was performed using GraphPad Prism (version 5.0; GraphPad, La Jolla, CA, USA). Data are presented as mean AE standard error of the mean (SEM). Between-group differences were compared using the two-tailed t-test or paired t-test. Multiple comparisons were performed with one-way analysis of variance (ANOVA) and Bonferroni post-test. Correlation analysis was conducted using Spearman's rank correlation test. P < 0.05 was considered statistically significant.
Results

Patient characteristics
This study included 84 patients with PNS (47 males, 37 females; mean age 62.59 AE 4.76 months, range: 5-189 months) and 51 healthy controls (29 males, 22 females; mean age: 73.7 AE 6.14 months, range: 9-192 months). Among the patients with PNS, 71 patients were experiencing their first PNS episode (39 males, 32 females; mean age: 61.1 AE 5.5 months, range: 5-189 months), and 13 patients were in remission (eight males, five females; mean age: 69.5 AE 9.1 months, range: 36-144 months).
The demographic and clinical characteristics of patients with PNS and healthy controls are shown in Table 1 . There were no significant differences in age, gender ratio and serum uric acid, creatinine, urea nitrogen and serum IgA levels between groups. However, the concentrations of 24-h urinary protein, cholesterol, triglycerides and serum IgM and IgE were higher, and the concentrations of serum albumin and IgG were lower, in PNS patients with active disease compared to healthy controls or patients with PNS in remission.
Th17/Treg imbalance may play a role in the progression of PNS Fluorescence-activated cell sorter analysis revealed that the percentage of Th17 cells in PNS patients with active disease (1.00 AE 0.07%) was significantly elevated compared to healthy controls (0.32 AE 0.03%, P < 0.01) and patients with PNS in remission (0.35 AE 0.09%, P < 0.0001; Fig. 1A ).
The percentage of Treg cells was significantly decreased in PNS patients with active disease (1.84 AE 0.09%) compared to healthy controls (2.8 AE 0.14%, P < 0.001) and patients with PNS in remission (3.34 AE 0.29%, P < 0.005; Fig. 1B) .
The Th17/Treg ratio was significantly increased in PNS patients with active disease (0.64 AE 0.07) compared to healthy controls (0.11 AE 0.02, P < 0.001). There was no significant difference in the Th17/Treg ratio in patients with PNS in remission (0.16 AE 0.06) and healthy controls (Fig. 1C) . The gating strategy used for cd T cell, IL-23R + cd T cell and IL-17 + cd T cell flow cytometry is shown in Fig. 2A was significantly increased in PNS patients with active disease (8.46 AE 0.88%) compared to healthy controls (4.25 AE 0.35%, P < 0.05) and patients with PNS in remission (4.77 AE 0.41%, P < 0.05; Fig. 2B ).
The percentage of IL-23R + cd T cells was significantly increased in PNS patients with active disease (3.22 AE 0.28%) compared to healthy controls (0.73 AE 0.13%, P < 0.001). The percentage of IL-23R + cd T cells in patients with PNS in remission (2.34 AE 0.22%) was also significantly higher than in healthy controls (P < 0.01; Fig. 2C ).
The percentage of IL-17 + cd T cells was significantly increased in PNS patients with active disease (0.057 AE 0.007%) compared to healthy controls (0.036 AE 0.004%, P < 0.05). There was no significant difference in the percentage of IL-17 + cd T cells in PNS patients with active disease and PNS patients in remission (0.040 AE 0.003%, P > 0.05) or between patients with PNS in remission and healthy controls (0.036 AE 0.004%, P > 0.05; Fig. 2D ). .......................................................................................................................................................... (Fig. 4D ). After incubation with IL-23, the percentage of cd T cells was positively correlated with the frequency of Th17 cells (r = 0.5284, P = 0.0046) (Fig. 4E ) and negatively correlated with the frequency of Treg cells (r = À0.430, P = 0.0107; Fig. 4F ).
We next tested the percentage of IL-21 + cd T cells. The gating strategy used for IL-21 + cd T cell flow cytometry 
Discussion
Primary nephrotic syndrome is an immune disorder that usually improves following treatment with steroids and immunosuppressants. Recent evidence indicates that an elevated Th17/Treg ratio induces local tissue inflammation and contributes to renal injury, proteinuria and PNS progression [4, 25, 26] . In fact, an increased Th17 response was demonstrated in experimental NS induced by doxorubicin [27] . In this study, we investigated the Th17/Treg ratio in PNS patients with active disease and in remission. In accordance with previous reports, we observed an increase in Th17 cells in patients with active disease [4, 26] . This suggests that the immune response is not being suppressed by Treg cells during acute PNS episodes and indicates that dysregulation of Treg cells may be involved in the pathogenesis of PNS. However, the exact immunological mechanism of Th17/Treg imbalance in PNS remains to be elucidated.
cd T cells display a number of functions as a primary defence against invading pathogens, especially during early life. These cells can produce an array of cytokines and chemokines, including IL-17A, IL-21 and IL-22 [10, 11] and can regulate the function of other innate and adaptive immune cells by amplifying Th17 cell responses [10] and suppressing Treg cell responses [11] . Other reports suggest that cd T cells kill Treg cells through CD 1d [28] , some cd T cells express a functional IL-23 receptor in the thymus as early as embryonic day 18 [29] , and IL-23-activated cd T cells are important for optimal Th17 polarization [10] and the suppression of Treg cell responses [11] .
The results from our study showed the percentage of cd T cells, IL-23R + cd T cells and IL-17 + cd T cells were significantly increased in PNS patients with active disease, while the percentage of cd T cells and IL-17 + cd T cells in patients with PNS in remission were similar to healthy controls. The percentage of IL-23R + cd T cells in patients with PNS in remission was higher than healthy controls, signifying that this may be a contributing factor in relapse. We also revealed a positive correlation between the percentage of cd T cells, IL-23R + cd T cells, IL-17 + cd T cells and the Th17/Treg ratio. Based on these findings, we propose that cd T cells and cd T cell subsets influence the Th17/Treg balance in PNS. To the best of our knowledge, this is the first study to show a higher percentage of cd T cells and cd T cell subsets in paediatric PNS patients with active disease (IL-17 + cd T cells, IL-23R + cd T cells) and in remission (IL-23R + cd T cells). IL-23, a member of the IL-12 family, is a heterodimer consisting of a unique p19 subunit and a p40 subunit, which is also part of the Th1 cytokine IL-12. IL-23 is primarily secreted by activated macrophages and dendritic cells (DCs). IL-23 is essential for Th17-cell expansion and survival [30, 31] . Sutton et al. [10] observed that IL-23 induced IL-17 production by CD4 + cells through a mechanism that involved cd T cell-mediated amplification of the Th17 cell response. Turner et al. [17] showed that IL-17A production by renal cd T cells preceded the Th17 cell response, and this was regulated by IL-23. We detected an increase in IL-23R + cd T cells in patients with active PNS. Accordingly, Liu et al. [26] revealed that the concentration of plasma IL-23 was higher in patients with PNS than in controls. Our previous study also showed that mRNA expression of RORc and IL-23p19 was higher in PBMC [4] . We examined the percentage of cd T cells, IL- ............................................................................................................................................................... of IL-23. This suggests another as yet unidentified cytokine secreted by cd T cells mediates the expansion of Th17 cells.
IL-21 is a newly discovered cytokine that shows homology to IL-15, IL-2 and IL-4. IL-21 exerts a variety of regulatory effects on lymphoid and non-lymphoid cells, which are dependent not only on cell type but also on the differentiation or activation status of each cell type [32, 33] . Furthermore, IL-21 secreted by activated CD4 + T cells is necessary for Th17 differentiation [34, 35] . Franziska + cd T cells was not obviously altered. Based on these findings, we propose that IL-21 can regulate the differentiation and function of Th17 cells [36] and Treg cells [37] . Further research is warranted to determine the effects on cd T cell subsets.
Our working hypothesis is that IL-23 activates cd T cells in early stage PNS, which amplifies the Th17 cell population and leads to kidney injury through the secretion of IL-21. To the best of our knowledge, this is the first report showing increased cd T cells and cd T cell subsets in paediatric PNS patients with active disease and provides in vitro evidence that IL-23 aggravates kidney injury by promoting expansion of cd T cell and Th17 cell populations. These findings suggest that anti-IL-21 mAb may represent a new treatment option for PNS.
